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NATIONAL DAM INSPECTION
PROGRAM

PHASE I INSPECTION REPORT
BRIEF ASSESSMENT

Identification No.: MAOO01l22

Name of Dam: Patch Reservoir

Town: Worcester

County and State: Worcester County, Massachusetts
Stream: Tatnuck Brook - Trlbutary of Blackstone River

Date of Inspection: July 10, 1978

Patch Reservolr Dam consists of a stone masonry
spillway and earth dike. The splllway was constructed
around 1896. The spillway is about 6 feet high and
70 feet long. The earth dilke has a maximum height of
11 feet and is about 200 feet long. The splllway is
located about 800 feet north of the dike. There are no
kriown or visible outlet condults for the reservolr,.
There 1s one plan avallable for the spillway and no
plans avallable for the dike, There are no specifi-
cations or computations available from the Owner,
County, or State offlces regarding the design,
construction, or repairs of the structures at this
site.

Due to thelr age, the splllway and dike were
nelther designed nor constructed by current approved
state~ofwthe-art procedures. Based upon the visual
Inspectlon at the slte, the lack of englneerilng data
avallable, and no evidence of operational or main-
tenance procedures, there are areas of concern which
must be corrected to assure the continued performance
of these facilitilies. Generally, the dike and spilllway
are considered to be in falr to poor condltion. Paftch
Reservolr Dam has been placed in the "high" hazard
category.

) The following are visible signs of distress
which Indicate a potential hazard at this site:
slight to moderate seepage at the downstream toe of
the dike, trees and brush on the dike, ercsion on the



upstream face of the dilke, accumulation of debrils in
the spillway channel, slight seepage at the west
abutment of the spillway training wall, and excavation
along the edge of the reservoir,

Hydraullc analyses 1Indicate that the existing
spillway can discharge a flow of 1,015 cublc feet per
second (c¢fs) at Elevation (E1l) 549.8, which is the crest
of the dike, Based on size and hazard classificatlons,
in accordance with Corps guidellnes, the test flood is
one~half the Probable Maximum Flood (PMF). The inflow
test flood for Patch Reservolr was calculated as the
test outflow from Cook Pond (the next pond upstream
in the watershed) MA 00123, plus the one-half PMF for
the remaining Patch Reserveir drainage area. This
inflow test flocod of 8,357 cfs is adjusted for sur-
charge storage, resulting in an outfiow of 7,950 cfs,
Since the exlisting spillway can discharge only 13 per-
cent of the outflow test flood, it i1s inadequate. The
outflow will overtop the dike by about 4.1 feet. 1In
addltion, water will dilscharge through a low area
along the reservoir zbout 200 feet west of the spillway.
In the event of overtoppling, complete fallure of the
dike could occur. Due to the potential for overtopping,
it 1is recommended that a definite plan for survelllance
and a warning system be developed for use during
periods of unusually heavy rains and/or runoff.

J It 1s recommended that the Owner l1lmmediately
investlgate the seepage at the toe of the dlke, clear
all debris from the splllway, remove all trees from
the dike, and 1nstall a pated low-level outlet. Also,
erosion of the upstream face should be repalred and
riprap added to prevent conftlnued deterioration of
the dike, It 1s recommended that the Owner employ a
gualified consultant to evaluate the stabllity of the
dike and the seepage at the downstream toe of the
dike. PFurther, a more detalled investigation should
be made of the hydraullec and hydrologic aspects of the
site.



The above recommendatlions should be Implemented
within a period of one year after receipt of the Phase I
Inspection Report. An alternative to these recommenda-
tlons would be dralning the reservolr and breachlng or
removing the dike. ////
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This Phase I Inspection Report on Patch Reservolr Danm
has been reviewed by the undersigned Review Board
members., In our opinion, the reported findings,
conclusions, and recommendations are conslstent wilth
the Recommended Guidelines for Safety Inspection of
Dams, and with good engineering Judgment and practilce,
and 1s hereby submitted for approval.

CHARLES G. TIERSCH, Chairman
Chief, Foundation and Materilals
Branch

Engineering Division

FRED J. RAVENS, Jr,, Member
Chief, Design Branch
Engineering Division

SAUL: C, COOPER, Member
Chief, Water Control Branch
Engineering Division

APPROVAL RECOMMENDED:

JOE B. FRYAR
Chief', Engineerling Division



PREFACE

This report is prepared under guldance con-
tained in Recommended Guidelines for Safety Inspection
of Dams, for a Phase I Investigation. Coples of these
guldelines may be obtalned from the Office of Chilef of
Engineers, Washington, D.C. 20314. The purpose of a
Phase I Investilgation 1s to ldentify expeditiously
those dams which may pose hazards to human 11fe or
property. The assessment of the general conditlon of
the dam is based upon availlable data and visual inspec-
tions. Detailed investlgation, and analyses involving
topographic mapping, subsurface investigations,
testing, and detaliled computational evaluations are
beyond the scope of a Phase I Investigatlion; however,
the investigation is intended to 1dentify any need for
such studles.

In reviewing this report, it should be reallzed
that the reported conditlon of the dam 13 basged on
observatlons of field conditions at the time of inspec-
tion along with data available to the inspection team,
In cases where the reservoir was lowered or dralned
prior to inspectlion, such action, while improving the
stability and safety of the dam, remcves the normal
load on the structure and may obscure certaln condl-
tions which might otherwlse be detectable 1f inspected
under the normal operating environment of the
structure.

It is important to note that the conditlion of a
dam depends on numercus and constantly changing inter-
nal and external conditions, and 1s evolutionary in
nature. It would be i1lncorrect to assume that the
present condition of the dam will continue to repre-
sent the condltion of the dam at some polnt 1in the
future. Only through continued care and lnspection
can there be any chance that unsafe condlitions be
detected.

Phase I inspections are not intended to provide
detalled hydrologic and hydraulic analyses. In ac-
cordance wilth the established Guidelines, the Spillway
Test flood i1s based on the estimated "Probable Maxlimum
Flood" for the region (greatest reasonably possible
storm runoff), or fractions thereof. Because of the
magnitude and rarify of such a storm event, a finding
that 2 splllway will not pass the test flood should not
be interpreted as necessarily posing a highly inade-
quate condition. The test flood provides a measure of



relative splllway capacity and serves as an ald in
determining the need for more detalled hydrecloglc and
hydraulic studies, considering the size of the dam, 1ts
general condition and the downstream damage potential,
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NATTONAL DAM INSPECTION
PROGRAM

PHASE I INSPECTICN REPORT

PATCH RESERVOIR
SECTION 1
PROJECT INFORMATION

1,1 General

al

Authority. Public Law 92~367, August 8,

1972, authorized the Secretary of the Army,
through the Corps of Englneers, to initlate a
national program of dam inspection through-
out the United States. The New England Divi-
sion of the Corps of Engineers has been assigned
the responslibllity of supervising the inspec-
tion of dams wlthin the New England Region.
Metcalf & Eddy, Inc. has been retained

by the New England Divisilon to inspect and
report on selected dams in the State of
Massachusetts. Authorizatlon and notice to
proceed was I1ssued to Metcalf & Eddy, Inc.
under a letter of May 3, 1978, from Ralph

T. Garver, Colonel, Corps of Engineers,
Contract No, DACW 33-78-C-0306 has been
assigned by the Corps of Engineers for this
work.

Purgose:

(1) Perform technical inspection and evalua-
tion of non-Federal dams to identify
conditions which threaten the public
safety and thus permit correction in a
fimely manner by non-Federal interests.

(2} Encourage and assist the States to
initlate quickly effective dam safety
programs for non-Federal dams.,

(3) To update, verify and complete the Natlonal
Inventory of Dams.



1.2 Description of Project

a.

Location. Patch Reservoir is located on
Tatnuck Brook in the City of Worcester,
Worcester County, Massachusetts. See Figure
B-1 in Appendix B, which shows the
relationshilp of the spillway and dike to the
reservoir and adjoining streets. Also see
Watershed Plan, Figure D-1.

Degcription of Dam and Appurtenances. The
spillway at Patch Reservoir is in the form of
a cascade type welr comprised of cut granite
block steps (see Figure B-l). The spllilway
weir 1s 70 feet long at the crest and is 6
feet above the natural streambed. The welr
descends in four steps from the crest at El
547 to a fieldstone-~lined channel at El
42,2, The natural streambed is at El1 540.9
about 25 feet downstream. The sectlon of the
upstream approach to the weir that is visible
from the ¢rest 1s paved wlth fieldstone,

The splllway has mortared-stone masonry tralin-
ing walls. The west training wall 1s 54.14
feet long and 3.7 feet high. The east trailn-
ing wall, which 1s 52.5 feet long and 4 feet
high, abuts natural ground consisting of
shallow and outcropping bedrock. Above the
east training wall on the east abutment, the
ground slopes up to a residence about 100

feet away.

An earth dike 1s located about 800 feet south-
west along the shore from the splllway (see
Flgure B~3). The crest of the 200~foot~-long
dilke ranges in elevation from 549.8 to 553.4
and serves as a footpath. The dike is
approximately 11 to 13 feet wide at the crest
and a maximum of 11 feet high. Both the
upstream and downstream slopes of the dlke
embankment are Iirregular and overgrown with
trees and brush. The slopes vary from 1.5 to
2.5:1 (horizontal:vertical) upstream, and 1.5
to 3:1 downstream,

There are no apparent outlet structures at
the dam.

A low area located about 200 feet west of the
splllway 1s shown on Figure B-2 in Appendilx B.
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This low area appears toc have been excavated
into natural ground, possibly as a source of
fi1l. The low point is E1l 552.4 or about 2
feet above the crest of the dilke,

Size Classification. Patch Reservoilr is
classifled in the "small" category since the
dike has a maximum helght of 11 feet and the
reservolir a maximum storage capacity of 205
acre-feet.

Hazard Classlficatlion., A dike or spillway
failure at Pateh Reservoilr would release a
flood wave that could threaten llves and prop-
erty In the suburban development located
Immediately downstream. In addition, 1t is
possible that a faillure of the dike at Patch
Reservoir could produce a flood wave about 10
feet high, at a peint 1,600 feet downstream.
This could breach the dam at Patch Pond and
Jeopardize residences along June Street., For
this reason, the dike at Patch Reservolr has
been placed in the "high" hazard category.

Ownership. The dam is presently owned by the
Clty of Worcester and is under the
Jurisdiction of the Department of Public
Works. Mr, F., Worth Landers, Commlissioner,
(617-798-8151) granted permission to enter
the property and inspect the dam,

Operator. There is no known operaticnal
equipment at the dam, and there are no known
operators of the damnm.

Purpose of the Dam. The reservoir was
formerly used as an ice farm by the
Independent Ice Company, and sometime later
by the R&H Machinery Co, The last private
owner of the dam, Patches, Inc., planned to
draln the pond and have the area developed.
Instead, 1t was scld in 1970 to the City of
Worcester and is now under the care of the
Worcester Conservatlon Commission and used
for recreation.

Design and Construction History. The limited
Information available on the original design
and construction of the spillway is included
in Appendix B, The original owner was Mr,
William Patch; however, the only available




plan, dated 1896, was prepared for the estate
of C. Rebboli, Worcester, Massachusetts,

This 1896 tracing shows the spillway much as
it 1s today except for the slope of the
upstream face. There are no other plans,
specifications or computations available from
the Owner, or County or State offices relative
to the design, construction, or repairs of
this spillway. 1In addition, information is
lacking for the dike and for the former gate
structure that has apparently been filled,

Normal Operating Procedures. There are no
operational procedures at the dam. Flow over
the splllway 1s uncontrolled.

1.3 Pertinent Data

a.

Drainage Area. The drainage area for Patch
Regservoir is estimated to be approximately
5,700 acres (8.9 square miles). About 70 per-
cent of this area 1s located 1In the Town of
Holden and consists of moderately steep wood-
land and sparse residential development.
Holden Reservoirs 1 and 2, included in this
part of the dralnage area, are maintained by
the City of Worcester for publlc water
supply. Residentlal development 1is therefore
minimal (see Figure D-1).

The remaining 30 percent of the drainage ares
is in the Clty of Worcester and includes the
lower part of the Cook Pond watershed. Resi-
dential development 1s more dense In this
area, particularly north of Pleasant Street
and northeast of Chandler Street. 1In
addition, the runway at the Munlcipal Airport
west of Patch Reservoir serves as an
artiflicial drainage divide.

Discharge at the Dam Site. Uncontrolled dls-
charge above E1 547 flows over the welr at
the spilllway, down the cascade, to the paved
stream channel below. Immedlately downstream
from the crest, the channel is bounded by
stone masonry training walls for about 33
feet on the east side and 27 feet on the west
slde. Below that is a narrow, winding strean
channel that flows through woodland to Patch
Pond, approximately 1,200 feet downstream,




The spillway welr can discharge an estimated
1,015 cfs at E1 549,8, corresponding to the
low polnt on the dike and the maximum sStorage
elevation for the reservoir. An inflow test
flood of 8,357 ¢fs (one-half the probable
maximum flood) will overtop the lowest point
on the dike by 4.1 feet. The spillway has the
capacity to discharge only 13 percent of the
outflow test flocd.

The maximum flood at the dam site 1s unknown
although frequent backyard flooding has been
reported by local resldents.

As shown on Figure D-1, Patch Reservoir is
located downstream of Holden Reservoirs No. 1
and No, 2 and Cook Pond. TFlow into Patch

-Reservolr 1s dependent upon the storage-

discharge characteristics of these upstreanm
reservoirs.

Elevation (feet above MSL [Mean Sea Level]).
A benchmark elevation of 547.0 at the spill~
way crest was estimated from a U.S.G.S.
topegraphic map.

(1) Top - Spillway: 547.0
~ Dike sectilon: 549,88 to 553,14

(2) Test flood pool: 6553.9

(3) Design surcharge {(original design): Un-
known

(4) Full flocod control pool: Not applicable
(N/A)

(5) Recreation pool: 547.0
(6) Spillway crest (ungated): 547.0

(7) Ugstream portal invert diversion tunnel:
N/A

(8) Streambed at centerline of dam: 541,5
{downstream of spiliway)

(9) Tailwater: &41.5



d. Reservoir
(1) Length of maximum pool: 2,000 feet
(2) Length of recreation pool: 2,000 feet
(3) Length of flood control pool: N/A

e. Storage (acre-feet)

(1) Test flood surcharge: 210 at El1 553.9
(2) Top of dike: 205
(3) Flood control pool: N/A
(4) Recreation pool: 120 (approximate)
(5} Spillway crest: 120
f. Reservoir Surface (acres) (Assume no slgnifi-

cant i1ncrease 1n reservoilr area with change
in elevation from 547.0 to 549.8)

(1} Top dam: 30
(2) Test flood pool: 30
(3) PFlood-control pool: N/A
(4) Recreation pool: 30
(5) Splllway crest: 30
g. Dam

(1) Type - Spillway: cut stone blocks
-~ Dlike section: earth

(2} Length

Spillway: 70 feet
Dlke section: 200 feet

(3} Helght Spillway: 6 feet

Dike section: 11 feet

(4) Top width - Spillway: 1 foot
- Dlke section: wvaries from
1l to 13 feet



(5} Side slopes - Spillway: downstream cascade!
- Dike sectioiil varies:

upstream 1.5 to 2.5:1
downstream 1.5 to 3:1

(6) Zoning: Unknown

(7) Impervious core: Unknown

(8) Cutoff: Unknown

{(9) Grout curtain: Unknown

i. Spillway
(1) Type: Broad crest
(2) Length of weir: 70 feet

{3) Crest elevation: 547 MSL (assumed bench-
mark) . |

(4) Gates: None
(5) Upstream Channel: Flared training walls

(6) Downstream Channel: 70-feet-wide
stepped stone spillway to earth channel

(7) Core: Rubble masonry

(8) General: Spillway channel is paved with
field stone for a short distance and
then natural earth channel,

J. Regulating OQutlets. There i1s no regulating
outlet at this dam.




SECTION 2
ENGINEERING DATA

2.1 General. The only avallable plan of the

2.2

2.3

2.4

constructicon of Patch Reservoir Dam is a 1936
tracing of the spillway plan and cross sectilon
dated April 21, 1896, A copy is included in
Appendix B, The only other data available for
this evaluation were visual observations during
inspection, review of previous Inspection
reports, and conversatlions with the Owner and
personnel from State and County agencies.

We acknowledge the assistance and cooperation of
personnel of the Massachusetts Department of
Public Works: Messrs., Willls Regan and Raymond
Roehford, and of the Massachusetts Department of
Environmental Quality Englneering, Division of
Waterways: Messrs. John J. Hannon and Jdoseph
Tagalle. :

Also, we acknowledge the cooperation and assist-
ance of personnel from the Worcester County
Engineer's Office: Messrs. John 0'Toole, Jogeph
Brazauskas, and Mr., Wallace Lindquist - recently
retlred from county service.

Mr. F. Worth Landers, Commlssioner of Public
Works for the City of Worcester, granted permis-
slon to enter the property and inspect the dam.
Messrs, Michael Burke, Richard Grant, and Ed Mara
of the Worcester DPW provided background data on
the reserveir and dam,

Constructlion Records. There gre no detalled con-
struction records available.

Operation Records. No operation records are
avallable, and there is no daily record kept of
pool elevation or rainfall at the dam site,

Evaluation

a. Avallabllity. The avallabllity of data is
limited due to the age of this dam.




Adequacy, The lack of in-depth engineering

data did not allow for a definitive revilew.
Therefore the adequacy of this dam could not
be assessed from the standpoint of reviewlng
design and construction data, but 1s based
primarily on vlsual inspection, past perform-
ance hilstory and sound englneering Judgment.

Validlty., The limited englneering data
avallable 1s considered valid.



SECTION 3
VISUAL INSPECTION

3.1 Findings

a.

General. The Phase I inspection of the dam
at Patch Reservoir was performed on July 10,
1978. A copy of the inspection checklist 1s
included in Appendix A, Periocdic 1nspections
of this dam have been made by others since
1925. A partial listing of these inspectlons
is in Appendix B, An inspection by the Massa-
chusetts Department of Public Works was made
in January, 1973, and a copy of that repocrt
is 1ncluded in Appendix B. In addition,
early Inspection records were reviewed at the
Worcester County Engineer's Offilce.

Dam. The impoundment structures consist of a
spillway and dike section. The spillway 1s a
stepped stone structure. Granilite blecks com-
prising the crest and cascade are in good con-
diticn, although slightly misaligned hori-
zontally. There is a small (6-inch) gap 1in
the crest near the east end of the splllway
which 1s the result of a broken corner on a
crest block. Although the pond level was
slightly helow the crest, water was observed
flowing through the gap and also leaking from
beneath the first two steps ¢f the cascade.
Slight seepage was also observed in the wall
at the west abutment, Just above the level of
the downstream streambed.

The shear pins that secure the second row of
blocks appear to have been l-inch diameter,
but have been corroded to about 3/4 inch
diameter. Continued deterioration of the
shear pins cculd eventually affect the stabll-
ity of the welr blocks.

The tcoe of the spillway is paved with irregu-
lar fieldstone blocks, Erosion beneath the
stones at the toe has caused some settlement.
The downstream earth channel is fairly narrow,
winding, and stony, and has minor amounts of
debris such as tree branches in it.

10



The training walls at each end of the spili-
way are mortared fieldstone in generally good
condition, although the mortar is missing
from the lower stones on the upstream end of
the west wall., The walls abut natural ground
and are practically overgrown by bushes and
trees on the downstream side., There has
apparently been some tree cutting on the
upstream side of the left abutment.

Above the training wall, on the left abut-
ment, a second retalning wall apparently in-
tended to protect the abutting property has
been bullt of broken concrefte slabs. A
footpath passes between the two walls.

On the upstream silde of the spillway, the bed
of the pond 1s only a few inches below the
crest block, There 1s evidence of a stone
pavement, glthough this 1s not shown 1in the
old plan of the dam,

The earth dike, located about 800 feet from
the spilllway, ls overgrown with trees on both
the upstream and downstream sides, and a foot~
path runs along the crest. There is no
visible slope protection. Seepage was
observed along about one~third of the length
of the dike, which results 1in a soft swampy
area at the downstream toe. A few animal
burrows were noted.

Appurtenant Structures. Early inspectilon
reports suggest the evidence of a gated out-
let at the dam. It was not visible at the
time of inspection. There are no other struc-
tures connected with this dam.

Reservoir Area, A comparison of a 1960 and
1974 U.S.G.S. topographic map indicated that
a large amount of f£ill has been added in the
southern end of the reservoir, west of the
dike. Most of the residentlal development is
north of the spillway and generally cn the
north and west slide of the pond., A footpath
runs between the spillway and the dike.
Although thils area is covered wilth vegeta-
tion, trespassing on the slope to reach the
water has caused erosion in many parts of the

11



shore. During the visual inspection, one
such ercded low area leadling to a small beach
was noted. The low aresa has an elevation
about 2 feet higher than the dike.

In the drainage area near the pond, resilden-
£ial development is heaviest north and west
of the Reservoir.

e. Downstream Channel. Water flows into the
dlscharge channel below the spillway for
about 1,200 feet befcre entering Patch Pond.
Houses are located along the east side of the
splllway channel for at least 500 feet down-
stream. A storm dralnage system for residen-
tial development enters the channel through a
culvert about 400 feet downstream of the
spillway. Frequent flooding 1s reported by
the residents. The stream 1is eroding 1ts
banks in several places which causes trees to
fall into the channel. The channel generally
contalins brushes and miscellaneous debrils
as well,

Evaluatlon. The above findings indicate that the
dam has several areas of distress which require
attention. It is evident that the dam 1s not ade-

-quately maintained and that deterioration will

continue unless action is ftaken. Recommended
measures to Improve these conditlons are included
in Section 7.

12



4,1

4,2

4.3

by

4.5

SECTION 4

OPERATING PROCEDURES

Procedures. There are no operating procedures at
Patch Reservolr,

Maintenance of the Dam, The dike and splllway are
inadequately malntained as evidenced by the condi-
tion of the cascade and overgrowth of trees on the
dlke. The City of Worcester has no regular maln-
tenance program.

Maintenance of Operating Facllities, There are no
operating facillties on the structure., Discharge
over the spillway is uncontrolled and there is no
other outlet.

Description of any Warnling System in Effect., There
are no warning systems In effect at this site,

Evaluation, Patch Reservolr is in the high hazard
category because of the threat to downstream resi-
dents in the event of dam failure. The dike and
spiilway are in falr to poor condition. Due to the
potential for failure, a program of operation and

maintenance, and a warning system in the event of

emergency should be implemented as recommended in
Section 7.
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SECTION 5

HYDRAULIC/HYDROLOGIC

5,1 Evaluation of Features

a'

Design Data. Patch Reservoir recelves flow
from Cook Pond plus 1.8 square miles of
tributary area directly below Cook Pond. A
Phase I Investigation has recently been com=-
pleted for Cook Pond (MA 00120). The inflow
test flcod was based on calculated dis-
charge from Cook Pond plus an estimate of
flow from the tributary area directly below
Cook Pond. The Probable Maximum Flood (PMF)
rate was determined to be 2,350 c¢fs per
square mile for the dralnage area below Cook
Pond. This calculation 1s based on the aver-
age drainage area slope of 4 percent, the
pond-plus~swamp area to drainage area ratio
of 5.7 percent, and the U,S. Army Corps of
Engineers' guide curves for Maximum Probable
Flood Peak Flow Rates (dated December 1977).
Applying one-half the PMF to the 1.8 square
miles of drainage area results in a calcu-
lated peak flood flow of 2,115 cfs as the
inflow test flood. Including the effect of
Cook Pond, the total inflow test flocd equals
8,357 ¢fs (939 cfs per square mile)., By
adjusting the infliow test flood for surcharge
storage, the maximum discharge rate was
established as 7,950 cfs (893 cfs per square
mile), with a water surface at E1 553.9.

Flow over the dilke crest is predicted to be
3,740 c¢fs, and flow through the spilllway
would be 4,210 e¢fs. The maximum head on the
dike would be 4,1 feet with a discharge of
21.2 cfs per foot of width. Depth at crit-
ical flow would be at 2.4 feet with a
velocity of 8.8 feet per second.

Plow will alsc occur in the low area shown in
Figure B-2. Thils low area 1s about 2 feet
abecve the crest of the dike. However, due to
the limited silze of this area, outflow
through this section was not considered in
the hydraulic computations. The maximum dig-
charge head on the dike would be slightly
reduced if the effect of the discharge In the
low area was considered.
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The inflow from a 100-year frequency storm
was estimated to be 3,410 cfs, After adjust-
ment for surcharge storage, the outflow from
the 100-year storm was calculated to be 3,180
c¢f's which would result in a water surface at
El 552, or about 2.2 feet over the dike crest.

Hydraulic analyses indlcate that the existing
spilllway can dlscharge a flow of 1,015 cfs at
water surface E1 549,8, which is the crest of
the dike. Thils means that the spillway has
the capaclty to discharge only 13 percent of
the outflow test flood.

Experilence Data. Hydraulic records are not
generally avallable for this silte; however,
in conversations with personnel from the
Worcester County Englneer's Office, it was
noted that the dike was not overtopped in the
1955 floods. ‘

Visual Observations., The splllway consilsts
of a 7T0-foot~long stone masonry spillway
which discharges over a cascade into a
natural stream channel.

The splllway appears to be in falr condition
although some leakage was observed., A stornm
drainage system enters the channel about 400
feet below the spillway, and frequent backyard
flooding was reported by a local resildent.
Eroslon into the channel could reduce the
capacity of the channel and increase local
fleooding.

Overtopping Potentlal. Overtopping of the
dike 1s expected under the test flood of

8,357 c¢fs (inflow); as noted previously, how-
ever, the only avallable records on over-—
topping indicate that the dam was not over-
topped during the 1955 flocds. The pond
elevations of the upstream reservolrs are
unknown prior to the 1855 storm. The storage
effect of these reserveirs would minimize dis-
charge to downstream areas. In the event of
overtopping, complete failure of the dilke
could occur. The resulting flood wave could
reach a height of 10 feet at a point 1,600 feet
downstream of the dlke and be a hazard to life
and property.

15



Additional Hydraulilc Considerations. As
shown on Figure D=1, Patch Reservoir 1s
located downstream of Holden Reservoirs No., 1
and No., 2 and Cook Pond. However, the calcu-
lations for a Phase I investigation are based
on the U.,S. Army Corps of Engineers guilde
curves which do not entirely consider the
storage dlscharge characteristics of upstream
reservoirs, The inflow test floocd for Patch
Reservoir has 1ncluded the storage effect of
Cook Pond but not Holden Reservolrs No. 1 and
No. 2. Therefore, the conclusions on peak
flows and dam overtopping should be con-
sidered as preliminary only. A more detalled
hydrologic and hydraulic investigation should
be based on the storage effects of all
upstream reservolrs,
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SECTION 6

STRUCTURAL STABILITY

6.1 Evaluation of Structural Stability

a.

Visual Observations. The evaluation of the
structural stabllity of the dike and spillway
at Patch Reservolr 1s based on the visual
inspection conducted on July 10, 1978. Based
on the observations, as detailed 1n Sectlon 3,
and the evaluation of the hydraulle data,

the dike and spillway at Patch Reservoir are
consldered a hazard, The conditlon of the
structures i1s unsatisfactory and conventional
factors of safety may not exist.

It is recommended that a more detalled inves-
tigation be initiated to evaluate the condil-
tion of the dike and splllway and the seepage
at the downstream tce of the dike,

Deslgn and Constructlion Data. Discussions
with the Owner, and County and State personnel
indicate that there are no plans, specifica-
tions, or computations relative to the

design, construction or repairs of the dike

at Patch Reservolr. Information on the type,
shear strength and permeability of the soll
and/or rock materials is nonexistent. One

drawing showing details of the original spill-
way 1s attached as Figure B~4 in Appendix B.

The spillway structure was built in 1896,

The drawing indlicates it consists of a rubble
masonry ccre and earthfill on the upstream
slde, and concrete and dry rubble masonry on
the downstream cascade., It appears that the
steps are the orlginal granite blocks and that
only the upstream slope has been altered., It
is not known when the dike embankment was
built. As discussed previously, the reser-
voir shoreline has been recently altered by
filling at the southern end.
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Operating Records. There 1s no evidence of any
type of Instrumentatlon at Patch Reservolr dike
or spilllway, and there 1s no indicatlion that

any instrumentation had ever been installed. The
performance of the spillway and dilke under prior
loading can only be inferred by physlcal evidence
at the site.

Post-Constructlon Changes. There are no as-
bullt drawings for the existing splliway and
dike. The only apparent modiflicatlons have
been the change in slope upstream of the spill-
way crest and the arrangement of the iron pins
securing the stone blocks on the cascade.
Previous Inspectors reported on the condition
of the outlet gate, but there is no longer
evidence of an outlet at the site.

Seismlc¢ Stabllity. The dam is located i1n
Selsmic Zone No, 2 and in accordance with
Phase I "Recommended Guildelines" does not
warrant seismic analyses,.

18



SECTION 7

ASSESSMENT, RECOMMENDATIONS
AND REMEDIAL MEASURES

7.1 Dam Assessment

a.

Condlition. Due to their age, neither Patch
Reservolr dike or spillway were deslgned nor
constructed to the current approved state~of-
the-art procedures. Based upon the visual
inspection, and with no engineering data
avallable and no evidence of operation or
maintenance, there are areas of concern which
must be corrected to assure the continued
performance of thls dam. Generally, the dam
ls considered to be in fair to poor condi-
tion. As noted previously, there are several
problem areas: the lack of a regulating
outlet; seepage at the toe of the dike
embankment and at the west training wall

of the splllway; flow under and between the
granite steps of the cascade; trees and brush
on the dike slopes and at the splllway abut-
ments; accumulation of debris and vegetatilon
in the spilliway channel, and excavatlon along
the edge of the reserveir.

Hydraulic analyses indicate that the existing
spillway can discharge a flow of 1,015 cfs at
El 549.8, which is the lowest point on the
crest of the dike. An inflow test flood of
8,357 cfs will overtop the dike by 4.1 feet,
The spillway can dlscharge only 13 percent of
the outflow from the test flcod before the dam
is overtopped. In addition, the inflow from
a 1l00~year frequency storm would result in a
water surface at E1 552, or about 2.2 feet
above the crest of the dike. Limited informa-
tion indicates that the dam was not over-
topped during the 1955 floods. It 1is 1likely
that the regulating effects of upstream
reservoirs reduces the peak flcod flows at
Patch Reservoir,

Adequacy of Information. The lack of in-
depth engineering data did not allow for a
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7.3

definltive review, Therefore the adequacy of
thils dam could not be assessed from the stand-
point of reviewing design and constructlon
data, but is based primarily on visual inspec-
tion, past performance history and sound
engineering Jjudgment.

Urgency. The recommendations outlined below
should be implemented within one year of
recelipt of the Phase I Inspectlon Report.

Need for Additional Information. Additional
Investigations fo further assess the adequacy
of the dike and spillway are outlined below
in Section 7.2, Recommendations.

Recommendations. In view of the concerns over

the continued performance of the dike and
splllway, 1t is recommended that the Owner employ
a qualified consultant to:

evaluate the stability of the dike,

evaluate the seepage at the downstream toe of
the dike, and

conduct & more detalled hydraulic and hydro-
logic 1nvestigation for the entire dralnage
area. The purpose 1s to design a means to in-
crease the discharge capaclty of the existing
spillway and to design a new outlet.

The recommendations on repairs and maintenance
procedures are outlined below under Section 7.3
REemedlal Measures.

Remedial Measures

a.

Alternatives. An alternative to implementing
the recommendaticons listed above and the maln-
tenance procedures itemlzed below would be to
lower the reservolr and breach or remcve the
dike,

Operation and Malintenance Procedures. The
dike and splllway are not adequately
maintained. It 1s recommended that the Owner
accomplish the following items:

(1) install a gated outlet for lowering the
reservolir in emergency situations,
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(2)

(3)

(4)

(5)

(6)

(7)

(8)

install riprap on the upstream face of
the dlke,

remove all trees and brush from the
dike, '

£ill in excavated areas along the shore,
and fill in any animal burrows,

repalr the break in the spillway crest
block and seal against leakage fthrough
the cascade,

clear accumulated debrils in the spillway
channel, '

institute a definite plan for surveil-
lance and a warning system during
periods of unusually heavy rains and/or
runoff, The warning system should be
coordinated with one at the upstream
reservoirs in the watershed, because
flooding or failure of the upper dams
will have a severe effect on Patch
Reservoir.

implenment a systematic program of 1lnspec-
tion and maintenance. As a minimum, the
inspection program should consist of a
monthly inspection of the dam and appur-
tenances and be supplemented by addi-
ticenal inspections during and after
gsevere storms. The slight seepage noted
in the west abutment of the spillway
training wall should be monitored and
evaluated as part of the inspection pro-
gram. All repairs and maintenance
should be undertaken iIn compliance

with all applicable State regulations,
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APPENDIX A

PERIODIC INSPECTION
CHECKLIST



L

PROJECT Patch Rescevoir

PERICDIC INSPECTION

PARTY ORGANIZATICN

DATE_ July 10, 1978

PARTY :

TIME___ 1000 am

WEATHER SUANnyY | Warm
W.S. ELEV. 59,9 U.S5.541.50N.5.
Assumed ernchmr k t’ulc’u(\Tnc:'ﬂ 597

. top_of spllway

1. Ed_ Coreep 6. Frnk Syokla
> Lyle B(T(ma:ﬂcgr) 7. Dawd Cole
3. Corol  Sweet 8.
4, Susan  Perce 9.
5. Dick We ey 10.

PROJECTrFEATURE INSPECTED BY REMARKS
L. beimn Ed Green , Bick Wk
2. 5?‘.1|M§ Lbule. Beanagan
3.
5
6. _
7.
5.
9.
d.

page flor 4
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PERIODIC INSPECTION CHECK LIST

PROJECT Ratch feservor DATE 71-1C - 78 .
PROJECT FEATURE Dam NAME Ed  Corece
DISCIPLINE NAME

AREA EVALUATED CONDITIONS

DAY EMBANKMENT

Crest Elevation

Dana/SFlemy- s foue-step goanite
costaek el

Current Pool Elevation 546.4
Maximum Impoundment to Date un Enown
surface Cracks nic
Pavement Conditilon niG
Mevement or Settlement of Crest arest Hat

Lateral Movement

bloeks sh‘gh 1‘9 mased, gnet‘l

Vertical Alignment

straght

Horizontal Alignment

retatively streughf

Condition at Abutmentland at
Concrete Structures

&'«m/%"a”wa‘y Joeins  rxctioed grn.r,d
at spdlccey Prainng weall

Indications of Movement of
Structural Items on Slopes

nle

Trespassing on 3lopes

tree C',m'.d‘h/‘lg MFSTI'&‘E!?) <y IC"H“ Abut vvent

Sloughing or Ercesion of Slopes
or Abutments

none

Rock Slope Protection - Rilprap

Crosen Peoecth steaes ot toe

Failures Czettleawnt ot Shvies
Unusual Movement or Cracking at e
or near Toes
Unusual Embankment or Downstream nle
Seepage
Piping or Boils nic
Youndation Drainage Features nla
Toe Drains nla

Instrumentation System

none visible
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PERIODIC INSPECTION CHECK LIST

PROJECT_ Fateh Keservor DATE__ 7-10-7§
PROJECT FEATURE Dike NAME Ect Core oo
DISCIPLINE  Gectechmeal NAME
AREA EVALUATED CONDITICN
DIKE EMBANKMENT
Crest Elevation varies o  $549.8 o 553 4
Current Pool Elevation 546 .
Maximum Impoundment to Date LENkviows

Surface Cracks

None  vishie

Pavement Condition

dirt ‘DCL-H’) vy crest

Movement or Settlement of Crest

Lateral Movement

Vertical Alignment

Horizontal Alignment

Condition at Abutment and at
Concrete Structures

Indications of Movement of
Structural Items on Slopes

Trespassing on 3lopes

Footpaih, Chipmunk heles

Sloughing or Erosion of Slopes
or Abutments

Rock Slope Protection -~ Riprap
Failures

Unusual Movement or Cracking at
or near Toes

Unusual Embankment or Downstream
Seepage

Shght seepage ot toe

lping or Bolls

Foundation Drainage Features

Toe Drains

nstrumentation System

page A-30° 4w



PERIODIC INSPECTION CHECK LIST

PROJECT Poctein Reseryorr

PROJECT FEATURE

Sonlhway
1 v}

DISCIPLINE Hudrawlies

DATE T-10-7%

NAME Ecl Gore o

NAME

Lyle Braragarn

AREA EVALUATED

CONDITION

QUTLET WORKS - SPILLWAY WEIR,
APPROACH AND DISCHARGE CHANNELS

a. Approach Channel

apprach [{ARNE TV T
G0°¢ o pc’vvd

sten e - (xa Loc"('fl

——

Generw. Condition far to geed
Loose Rock Overhanging Nore
Channel '
srnall free em vight qowtoent

Trees Overhanging Channel

Mmechum_ (12") tvee ey, e FF o batoent

Floor of Approach Channel

b. Welr and Training Walls

Cffl;i and Cencred Mascony | st gmnn‘t’ ui’l}

General Condition of
correrete Stones

farr, some biccks dislpdged

Rust or Staining Nie
Spalling nia
Ainy Visible Reinforecing e
Any Seepage or Efflorescence nla
Drain Holes nla

¢, Discharge Channel

4" x4 stores et bottem step

General Condition

feur v pPoes, sencll sceitered  SToGe s

Loose Rock Overhangin
Channel -

none

Trees Overhanging Channel

o mechun frees grivdiy
1 Channgl

Srveil!

Floor of Channel

vegcﬂzlhﬁn and debrs

Other Obstructions

Neone

page A4of ¢



APPERDIX B

PLAN OF DAM AND PREVIOUS

INSPECTIONS
Page
Figure B-1, Schematic Location Flan B-1
Figure B-2, Cross-section, Low Area B-2
Figure B-3, Dike Plans and Sections B-3
Figure B-~4, Plan of Dam at Patch Reservoir, in
dated April 21, 1896 Pocket
Previous Inspections (Partial Listing) B~5

Inspection Report from Massachusetts
Department of Public Works, January 1973 B<7
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TOWH OR CiTY L/V erces /.2 y~ DECREE NO. a/ggj PLAN NO, /{"/f el et i
X tp g
__LocATioN qucA Heseryoir - /71// Y/ A c.c. ookt fo.
,_ ) -2 h DESGR'PT'ON F bam 5/ foo'¢ .. . __ DESCRIPTION OF RESERVOIR & WATERSHED
ek vy IS pira f Slop=
TYPBQ:Mrefé orew: J” Edrﬂrcrn Emban&menf Name of Main Stream T%Htﬂ-ﬂ t:'ff"’_'b'ﬂaﬁlr
Length doo t # ¢ any other Streams ’L@,&_
Height 201_{. : Length of Watershed /,’ ! (//’ g
Thickness tap 20' " aét: 3Z.¢ Width " FFWW
" botiom 70 cmé Jf?//./Wd = 32 ..f is Watershed Cultivated MW—WT?%T'
Downstream Slope ///4 7 Percent in Forests /7‘;) Mﬂ‘/l’/h tl/ Q
Upstream " //,_ I Steepness of Slops fo3 9 J:?df}//d ¢ /——-
Length of Spluay 2.7 '£ E( creste960| 35S Rucky - hardpan! Worec
Size of Gates 24%c.t A/Jo /J wr £/ 78, 0% No. of Acres in Watershed 7. 33 Sy /‘7
Location of Gates Ceaniar offmédn/(’meﬂz‘ - o 9 Reservolr 55'. o
Flashboards used - A/O”': Length of Reservoir
, Width Flashboards or Gates Wigth * " .
Dam designed by Fl. Alfen C & March (876 | MaxFlow Cu. Ft per Sec, %
" constructed by Head or Flashboards-Low Water -
. Yearconstructed  ___ ‘ e e v g Owner itk P”reh
_ o _ GENERAL REMARKB _ GENERAL REMARKS
7 Wpe fen :/enf‘ /ce [’a Docket ¥133 Mar 1892 Meeting. Filed: Mar: 8, 1892.
28 ?’ 37 April 2f, 189¢ Traced by: H.D.Yasselip. Feb. ZO 1926,
I ﬁs/oe ofed- Aug. /3. f?z.r-z oMarden. )| Checked'by: L.O Mardlen, @ @, = |
Second Inspected J-)8- 26/ Lo Mardc« tfested by: William C. Bowen -ClofC. - Feb 2/, 1936
Ingoccted: 9- 3'z8” " Flan of Froposed Changes. }
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INSPECTION RRPORT « DANLS AiD RESLERVOIRS

1+ Locations City/Town _ W oRCEST ER Dan Noe 3=/ %-348-/
M YLLANY &
Name of Dam _ /PR7CH RESERYVYOIR Inspected by _QomwsHueE

Date of Inspection /= /90-73

2, Owner/st per: hssessors Preve Inspection ://
Regs of Deeds Pers, Contact
)

1 MLl RPARK YNC  HARRY FRIEDRBERG PRES, IFPULemMaN KL, Werd,

Nane St. & Hos City/Town State Tel, io.
2.

Name St. & Ho. , City/Town State Tel, ilo.
"3

Hamne Ste & Mo, City/Town State Tel, lio,

3. Caretaker (if any) e.a. superintendent, plant manager, appointed
by absentee owner, appeinted by multi owners.

Name: : St. & Nost
City/Towns ) State: Tel.He, s

4, Ho, of Pictures taken

5. Degree of Hazards (if dam should fail completely}#
1 liinor 2, Moderate v’/

3. Severe 4, Disastrous

* This rating may change as land use changes (future development)

6. Outlet Control: Automatic W Manual

Operative ves; Noa

Comments: SPILLWAY ecoNTROLED

7s Upstream Facce of Dam: Condition:

le Good p/, 2. lldner Repailrs

3, lajor Repairs 4. Urgent lLepairs

——

-axConments:



Y

[y

-2~ DAY N0\ B=y Y 3GY - 4y
8. Downstream Fuce of Dams
Conditiont 1, Good v 2. Minor Repnlrs
3+ Major Repairs | L, Urpgent Repalrs

Conmentss

9. Emergency Spilluay: wo M E

Condition: 1. Good 2. Minor Repalrs_

3. hajor Repairs b, Urpgent Repalrs

o e T P,

Comuents
10, Vater Level at time of inspection: 3 __ft. above below
top of dam i . principal spillwvay
other

11, Summary o’ Defiziencles Noted:

Growth {Trees and Brush) on Embankment VE£S

Animsl Burrowsz and Washouts AN

Dzmage to slopes or top of dam _ _uraar &

Cracked or Damazed Masonry AL O E
Evidence of Seepage anE
' Evldence of Piping AlL
Ercslon Al aME
Leaks ALAMLE

Trash and/or debls ilmreding flow _game

Clogged or blocked spillway Y.

Othier |

e mR e i L taL 4 EEd . mbema b b e

B-8



- ZRE—
3 Daiv o, SIFZ IEE

12, Remarks & Recommendationss (Fully Explain)
Twe MASOR PoaTio of Tuawm DAV \TSELE

'S 0 Gooo CombiTiod)  THe FielDSTORE RETANING
J

MWALLS tneg IWWTALT  <Xae Gramite BDroaw SeLLWRY
AVNS Syees Y\ AVET R M mineED FuueSionAle AND Swow

No Swams of Wenr . Teces Ans Bevsw &rRowins
O _DO\-DUSTee:M'\. TS ANCMERPTS SHould Ve
0. e C—HA\\MEL—. QAV\NG BeLow THE

o
FlbbwaN Prevents € eomiwg o F IMREAM.BED,

13, Overall Condition:
v

1. Safe

2+ tlnor repairs needod el

3, Conditlonally safe - major repalirs necdex

4, Unsaie

5, Reservolr limpeundinent no lenger exists (explain)

Recommend removal from inspection list

B-9



Submitted by,

Date j 4‘2(4_3

la

2.

4.

5

7

8.

9e

DESCRIPTION OF LAN
DISTRICT

-

Clty/‘!’(w;n b ST A

Name °§A€$3 PSSP .

Locations Topo Sheet MNes o o &
o LS

Provide 83" % 11" in clear copy of topo =ap with location of
Dam clearly indicated.

Year built:

Purpose of Damt Water Supply — Recreational __/z/ ‘

Irrigation _____ . Other

Year/s of subsequent repairs

Drainage Areas qvg 3 sG. mi, acres
Rormal Ponding Areas 55 acresy Ave, depth
Impoundments gals; acre ft.

Nos and type of dwellings‘located adjacent to pond or reservoir

2.0 l.e. summer homes, etc,

Dimensions of Dams Lengtéan'_f Kax. Heiqhté__ 4

Slopest Upstreap Facqug Ay

Downstream Facg £ ./

Width across t°pso'“

Classification of Dam by Materials

Earth _ » Conc, Masonry Stone Masoni;/

Timber Rockfill Other

A, Description of present land usage downstream of dams
" L4
% rura},cr % urban,

B. Is there a storage arca or flood plaln downstream of dam which
could accomodaote the impoundment in the ecvent of o complate
daw fallure? yos", no .

o

=10



DAM NO’?’-/'#-‘B?E__{/

10. Risk to life and propsrty in svent of complete failure,

Ho. of people 59 .
No. of homes /9 .
No, of Businesses ”0”5.

NONE

No. of industries « Type

No. of utilities_ ¥ Y5 | 1Type

e

s S ———— ————v—

Rallroads i .
Other dams C CES /\"ESEVo.'A. LAamM
Other e

1le Attach Skatch of dam to this form showing section and plan.
on 83" x 11" sheotw Fuwg ST 70 GLEMDRLE ST. TO PI7CH

RESEVOIR BRIVE. PAM + N BACK OoF #zq PRATCH FESEVOLIR &,?‘

B~11
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APPENDIX C
PHOTOGRAPHS



NO. 1 SPILLWAY WEIR

NO. 2 CHANNEL DOWNSTREAM OF SPILLWAY



NO. 3 DETAIL OF WEST SIDEWALL OF SPILLWAY

NO. 4 DIKE SECTION — FIGURE B-3

Cc-2




APPENDIX D
HYDROLOGIC AND HYDRAULIC

COMPUTATIONS
Page
Figure D=1, Watershed Plan In
Pocket
Figure D-2, Patch Reservolr Drainage Area D-2

Computations D=3
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AREA OF WATER - SHED IN ACRES

WATER SHEDS HAVING RUN QFF
IMPONDED BY WORC. RES

I CAPAGITY OF POND

PN ML LIONS OF GAL.

VATERSHED
PRIMARY ROADS
‘SECONDARY ROADS -

THICKLY SETY
RANACADS

TOWN LINES
BODY OF WATER, DAM, ELE VATION

AREA OF POND

LED

iN ACRES

IN ACRES

N ACRES
TOTAL WATERSHED
ELEV.OF TOPOF

DINDIVIDUAL WATERSHED
DAM SPILLWAY
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BT
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i
i
i
i
i
H
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. S S . o - B . - S L - o B s . O B e o 1 NEW ENG. POWER As;wmwﬁs ,,,,,,,, L OLDEST WATER PRIVILAGE 1N 3¥% f_{_ﬁ?}% wm:g{* CCOUNTY T
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Iy I L e /@ atE 1§ »;g;mw s‘%’&‘m 24 PIPE WATER RIGHTS. ?Uf&cmaw 1917 FROM_HILTON HEIRS BK 2123 - e " e e T e s
¢ 308 L HILTON  POND . 40 | 2641247 [ €792 96.5€ 9838 1238 {EARTT WiTH CONCRETE CORE. WALL PLAN FORCORE< | PAGE. 293 i e — [ AMERICAN STEEL 8 WIRE CO._ [ _ [T e e e
S SR | ol . o R I I WALL 9647 - COne CRETE SPILLWAY PLAN 13530 - 3| ﬁf%’(}F’tRT? PLAN B8034. HIGH WATER MARK g T e -
SRS S | . L0581 Rmmgs o o S T B B e -
©o &5 L UEEQVILL POND 12 18228 115780 = = B . GONSOLIDATED RENDERING CO. | NECESSARY 10 KEEP POND FULL FOR SUCTION
L S i : N . . L ?‘ ;} avp
‘ NOSS RSSSWG?& 256 1156 639 (€59 7 N SRR AT D ' T ———— i
Ca3ees | MOSS RESERV 238 1 9 9 079 112717 1321 | 1928 | CONCRETE GRAVITY SECTION LCOVERED WITH EARTH ELEV.IZ 05 BRASE S PLUC INLEDGE,EAST SIDE OF FOND, 208 | OCT 21,1334 BY COUNTY. COMM, AMERICAN STEEL 8 w ! BUBING SUMMER MONTHS RESERVOIR g
i - . T S GATE SCREW STEM, 307 30" BOX QUILET | SOUTH OF SPILLWAY CREST PLANS 19628 -SEE FLAN o jer--sh! ' CAN STEEL 8 WIRE CO._ , e i S g&ﬂ%f‘l? SBEISRYOIR_LOSES 2.
T i s i : SRS S L . _ . L1 8044 A FOR PARCILS PURCHASE ~ ALSO 87 7T 8777 o o B TUAREE FABRICS T 18 NG ”“"T“ """" A
o3>+ | PONDVILLE POND’ 125 [ 45 12639714748 | T A B STONE MASONARY — T T e B S . WE HAVE NO AGREEMENT 1 " I'UBED FOR. '“%g}%ﬁﬂ?&f‘ 8 mwm G PURPOSES
o S SO R S RN N S N . | R f NOPOWER 03 o
. S e S b L (PREVIOUSIG ADDEDIGATE SCREW STEM, 247 ¢ QUTLET PIPEPOS ‘E)iﬁt-fii‘i_ﬁﬁ N e . |RAMSHORN POND ASS. - A 8B WTO 17 ;
3o ﬁ HQRN PGND TR0 148 1827 11827 | 22.0 | 24.0 (10183t |1872-3 EARTHPUDDLED (0’ F*?’Hﬁﬁf OF CHES Tff% T QBTQ?’F ,),«wv 24 29" 1RO PIN IN LEDGE ON WEaT;&Z‘%’L‘f SHORE ELEV " [1872 REG OF DEEDS, BK. 875,Pi32-149 |WORC,COUNTY ELEC HOPEVILL MFG.  |Mik. FLOW REQ BY SMALL MLLS WHEN IN_OPERATIEN IS & TrRi 3}5“ w!g;; R
SR BN I NSRS S N A WALL. %t}?@f‘ Dot & mmaﬁmh 135i3 A. 8 8. e JRE MW COR OF MW BRIDOE WING WALT - 30 60 L IPURCHASED BY A CURTIS A% TRUSTEE FOR GO CONSOL. RENDERING. WITTALL | uggw;;: 0 Gs‘a DAY FHON H v CLOVER, ELOW FROt 1804 10 )
,. o i . _ _ - e . o T e | RAMBHORN POND_ CO. PREVIOUS TORAISING GAM [EL ON BLACKSTONE RIVER TERERA) ‘ﬁ%“i‘ Al EGED 107 OVER ERILLWAY -
33@@4_EQQSHQR% ME&DOW 2e 38 38012107 8Le GATE 36" 5§Q§E&§T Ww?ﬁﬂ?ERTY“MA? 8033 o {4M. 5 8W. CO. “AY CLOVER, N '3555umsﬂﬂﬂmﬁh DURING RAING B AER] ffxw y e T
BT RN - b L EARTH WITH wﬂﬁﬁﬁ?ﬂ QQEKE@!ALL COMCREYE . — T (W wwm.rr I WINTER T0 ENABLE CLOSING OF rama] AMERICAN - s&EL&i A | %E e
Y e , NS A S . - BPILLWAY PLAN - e - - o ) B A CTTTTTTTAHORN FOND GATE. e SURSIDIARY OF 3
- 6p-oy | BTLL WATER POND 3T 38130 605 [243i9 I N e S R ; . . _— e  WHITTALL ASSOCIATES §.U1_“ J?ﬁfi{_‘*_w R WHEN PLENTY OF NITED STATE S STEEL COLPOSATIO
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METCALF & EDDY. tNGINEERS

project LVAT: Keview Moa) FED, DEMS ooy o,

Subject

WoecestTz e Macs Aeea

Detait

PAaTce RESErVOIR DR oy By

@ Flow Oves Dike Seectron aud Spilluasy — plus

Comptd. By

5864 page o
LED bate 7// 2/78
RW oate _B/2]>5

A- Dike Sectean

LS

£52 -

4

Stovoge

£50 -
ol
@, IFB(H, & bowe §50.1 _ Nh
Q -—?EG.S'(H-; " 5-5-;0 {3ased o Q_ z .S"-\'(H )
Q.= 140 (Hy) pho. S'b?o )&, =5 !0(#) cbow §52.7
B- .5:pl’l s 2l
Top s C" ke mas bloet . Ver Huydhadis Tatde,
twillien. {f-(-cuusp_ asswima Sh edae waeth Llow , weit
-G'chp' (f pwlw)f L=og(cae)s 2.6 Cv<54e{eu 5470
C"SU”‘WC‘A-'-! (Pord arts = O.C5ni™ —DA,Q‘?WM)
57;\JA @s @, ©r o Qc-; QC‘_ ®n+. ?‘Fo’:&j;,
in mi on [ &
5415 ) 70 — — — — 76 I o3 |.034
248.0 Zto - - _ - 210 "o lo6?
£49.0 &Lo3 - e —_— —_— o3 |12 |13
£%50.0 11321 — _ —_— — 113t /8 |.2e2
550.5 | 1441 297 | - —_— — 1480 | 2.1
§51.0 | (78| 137 — —_ — 1913 j2. |27
5515 | 2150 | ws37 ) oo | — — || 2503 {27 ,
§52,0 | 2544 qo1 71 8o —_ S 3228 |3.0]237 |
S$u Y | 2965 | 56T | 516 | 49 — 4099 2,2 |31
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METCALF & EDDY, ENGINEERS

fﬁ__.. {8 Ab miles of clivect trib, avea. Add . Llowg ﬁ'rowt

Project M‘. R_E_U'C'-(.Q oF NOU Fe D"Mf Acct, No. §8 [ Page 2 of S‘

Subject WioncesTe» MAC: Apen Comptd. By — &8585 Date 7r/£7 (78
Detail P £ RV RA Ch'. By Rowr pate 1] 20

@ Peak [nflow Tect Flood.
Pa.'LCL\ Rec. recieves ma..\‘low {lw (vom Cook Pa\.«i

Cach? sourvet obtain +fesd .@(oaifor-fﬂw{ D4z 8,Fn;"

Stlo — Aue Y 4%
Omifm I wd—..g‘) Yaﬁﬁa:-r.. n? 0707,, [ﬂm\Jc 1n [2del, Rec Late]
' MDISCJ& . bhotweo. ED“L“Q qt Mounnct. = S—cu1 2350 %/rﬂu -

Dipect nflows Teel Flovd= 2350()(1.8)> 2115 cfsr
Ped k OutLlowfron Coole Y = AL

e LlowsTest Flood = 8357 s,

Ou-l—\'Cfow Relation

I QF.'-: 6397( ) 635'7 - 880(5,,) [5F ‘fz::fri*:;agp ,: J
: See Se.r.-f-.@ below,

. 100 Yenn Flooed Flow

. 0WW}CA Soket L&o?« sl = 4,7 weela
QMW@C’fBM/M»{fWW

a1-41
QCOOD 42320 oo “) 850;{&.
@zw{w—w\ Covte Fel. = 25@0 "
Toded @, tnflaw = 34 3410 cfs
. 5-!-orau\e Peduction m Disclianse

A- Inflow Test Flood: @ = 8357 (1= 55 )= 8357 — 8805+ “F.,

E[a £53.5 - @p ??7f = @Taqf
£ 5540 - QF TG 2L L Gy } Plot ou Disel . Covue
From Disel, Cuvve Gout = 7950 4{; “Dlond EF £82.9

8. /007!’;‘7/0&@9: @ = 2410(,- ), 3410 -726.5 = A
£ 5520 " Frog < 116572 @ro,
£, 5625 Fhp = 3140 <@y

Feow Dicelr. Covue oot =3 180 cft “TRund £] 551,95

non

} Plof= o Diced, Cuvume.
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Detail PATCH RESERVOIR DM g gy RW 8f2) 7%
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, " oo ]
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METCAL® & EDDY. ENGINEERS

Project Nar Peview Now Fen. Drus

suject __WJORC € s Ma ¢ Arc o

vetail _ LPATCY FESERVOIR DG
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INVENTORY FORMS



